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SUM M ARY
1. Where properly installed, equipped and managed, wind 
eleetrie plants on Iowa farms are satisfactorily supplying elec­
tricity for lighting and small household appliances:
2. During a year’s trial at this Station a wind electric 
plant produced 842 kilowatt-hours. During 10 months of the 
year the monthly energy production was over 50 kilowatt- 
hours. During September, however, it was only 31.2 kilo­
watt-hours and during August only 11.3 kilowatt-hours.
3. To obtain most satisfactory results the mill must have 
an unobstructed exposure. It is generally agreed that the tower 
should be 10 to 25 feet higher than surrounding buildings or 
trees. The exact tower height, however, needed in any given 
situation is still a matter of judgment rather than mathe­
matical calculation. In cases of doubt it is probably advisable 
to use the higher tower.
4. To insure satisfactory results during periods of low 
wind, a large battery should be installed. Unless the plant 
is very lightly loaded at least a 240-ampere-hour battery will 
be needed and under many conditions a 300 to 400-ampere-hour 
will be more satisfactory.
5. The advantages of this'type of lighting plant when com­
pared with an engine-driven plant are (a) no fuel costs, (b) 
almost no routine attention, and the absence of the noise, 
vibration, grease and odors which often accompany the installa­
tion of an engine-driven plant in the basement.
6. The disadvantages are (a) higher first cost, (b) limita­
tion of generator output by the wind available, (c) mainte­
nance of a larger battery, and (d) the necessity-of occasionally 
climbing the tower.
7. The probable annual cost at present prices for^equip- 
ment, including depreciation and interest charges, for a'1-kilo­
watt generator mounted on a 60-foot tower witj^a 240^ampere- 
hour battery will be somewhere between $50 and'$125.
8. Any development which woulcLdecrease the first cost of
the plant, decrease the cost per unit of storage capacity of 
batteries or increase the useful life of batteries, would ma­
terially improve the economic position of the wind electric 
plant. ' •
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Wind Electric Lighting Plants*
By  E. G. M cK ib b e n  a n d  J. B r o w n l e e  D a vid so n
The foregoing summary is based on the results from several 
years’ investigation of and one year’s operation,1 under test, 
of a wind electric plant located at this Station; and from a 
study2 of the performance of 66 wind electric plants on Iowa 
farms. The objective of these investigations was to determine 
as far as practicable the possibilities and limitations of the 
wind eieetric plant under Iowa farmstead conditions.
HISTORICAL
The origin of the windmill is obscure. There is some evi­
dence that it was first used in Persia during the early cen­
turies of the Christian era.3 It came into prominent use in 
Europe during the twelfth century. Murphy4 gives a brief 
sketch of the early history of the windmill in America, and 
Barbour6 gives a good description of a large variety of home­
made mills used in the Middlewest just following pioneer days.
As a source of power the windmill is necessarily limited to-1 
work where interruptions are permissible, except for relative­
ly limited areas where the wind blows almost constantly. Thus, 
the, most extensive use of the windmill in America has been 
to pump the farmstead water supply which could be stored in 
sufficient quantity to take care of the usual periods of calm. 
During recent years the possibility of using this means of con­
verting the kinetic energy of the wind into electrical energy 
either to be used immediately or stored for use when desired 
has received considerable attention both in Europe3 and 
America. 8-7 There are between 100 and 200 of these plants 
being used on Iowa farms.
,*Project No. 26, Iowa Agricultural Experiment Station.
UJnder the direction of F. C. Fenton, formerly of Iowa State College, 
at present head of the Department of Agricultural Engineering, Kan­
sas State College of Agricultural and Applied Science, and Edwin 
Kurtz, formerly of Iowa State College, and now head of the Depart­
ment of Electrical Engineering at the University of Iowa.
2Made by the senior author with the assistance of F. J. Zink, former­
ly field engineer for the Iowa Project on Rural Electrification, at 
present associate professor of agricultural engineering, Kansas State 
College of Agricultural and Applied Science.
3(No author given). Windmill generating plants. England Univ. 
of Oxford Institute of Agr. Eng. Bui. 1:1-63, 1926.
4Murphy, E. C. The windmill, its efficiency and economic use. U. S. 
Geological Survey, Water Supply Paper No. 41sl-72, 1901.
6Barbour, E. H. Wells and wind mills in Nebraska. U. S. Geological 
Survey, Water Supply Paper No. 29:1-72, 1899.
6Kurtz, E. B. Oklahoma wind-electric power. Okla. Eng. Exp. Sta 
Bui. 10:1-14, 1931. . '
7Logan, C. A. Farm lighting systems. Kan. Eng. Exp. Sta. Bui. 
30:26-28. 1932. S
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ONE YEAR’S OPERATION OF A WIND-DRIVEN ELECTRIC LIGHT
PLANT
Description of Plant
The generator used was differentially wound and had a 
voltage range from 32 to 40 volts at the speeds and loads at 
which it was operated. It was rated at 1 kilowatt. This
4
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Fig. 2. Relation of wind velocity to charging rate.
generator was driven by a 10-foot, two-blade propeller tbrongb 
one pair of gears which ran in an oil bath. The propeller was 
held into the wind by a vane or rudder. The mill was so con­
structed that the propeller was turned out of the wind at 
excessiye wind velocities (see curve of fig. 2).
This mill was mounted on a 100-foot steel tower. This un­
usually high tower was thought necessary because of the high 
buildings near the installation.
The current was conducted by wires through a control panel 
to the battery. An automatic switch, mounted on this control 
panel, connected the generator and battery whenever the gen­
erator voltage was higher than that of the battery and dis­
connected them whenever it was lower.
The battery consisted of 16 lead storage cells which had an 
intermittent rating of 240 ampere-hours.
Nature of Trial
The period of the trial was from Sept. 1, 1925, to Aug. 31, 
1926, during which time the plant was allowed to run con­
tinuously. All energy was measured by a watt-hour meter. 
The battery was carried through cycles of charge and dis­
charge as nearly like actual use as possible. Wind records 
were taken by a standard United States Weather Bureau re­
cording anemometer (four cup) which was mounted at the 
same height as the windmill.8
sThe authors acknowledge with appreciation the valuable advice and 
assistance, by the loan of instruments, received from Charles D. Reed, 
meteorologist and director, Iowa Weather and Crop Bureau.
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Results
The curve in fig. 2 shows the current at various wind veloc­
ities for the plant tested. The plant started to generate at a 
wind velocity of 10 miles per hour. At a wind velocity of 26 
miles per hour the current was 20 amperes. Above 26 miles per 
hour the propeller began to turn out of the wind so that at 40 
miles per hour the current was increased to only 23 amperes. 
Wind velocities below 10 miles per hour did not produce suf­
ficient voltage to charge the battery.
The upper (solid) curve of fig. 3 shows the kilowatt-hours 
of energy produced per month. The lower (broken) curve 
shows the energy that would have been available if all cur­
rent had been passed through a battery of 60 percent effi­
ciency.
Under actual farm conditions an appreciable part of the 
energy is used directly from the generator without going 
through the battery. Also, under favorable conditions the 
efficiency of a battery is often higher than 60 percent, in fact 
may be as high as 75 or 80 percent. The current which would 
have been used if the installation had actually been on a farm 
would have been somewhere between these curves except for 
the months of high wind when it would probably have been 
necessary to shut the mill down part of the time to prevent 
overcharging of the battery.
The total kilowatt-hours of energy produced during the 
year was 842. Again, assuming all current to pass through
JAN. FEB. MAE. APRIL MAY JUNE! JULY AUG. SE1PT OCT NOV DEC.
Fig. 3. Energy produced during year of operation.
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Fig1. 4. Relation between wind movement per month and energy produced.
a battery of 60 percent efficiency, the available energy for 
the year would have been 505 kilowatt-hours.
The curve in fig. 4 shows the relationship between the total 
wind movement in miles per month at Ames and the kilowatt- 
hours of energy produced. While it is evident that this re­
lationship would not necessarily be constant for any given 
wind movement, still the results obtained show enough uni­
formity to make them of some value in predicting from exist­
ing weather records the probable performance of a wind elec­
tric plant in a given locality.
In this connection it should be noted that the type of anemo­
meter used at the United States Weather Bureau stations was 
changed Jan. 1, 1928, so that records of wind movements 
taken since that time cannot be directly compared with rec­
ords taken at an earlier date.9
Application of Results
In relation to the energy available from a wind electric 
plant, the question may well be asked: “ How does this energy 
compare with the requirements of an Iowa farm Home?”  
Records kept on four engine-driven farm lighting plants 
showed a yearly use of 205, 206, 314 and 959 kilowatt-hours,
9Reed, C. D. Climatological Data— Iowa Section. U. S Dent Asr 
Weather Bureau, p. 7, Jan., 1928. — ’
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respectively.10 This is an average of 421 kilowatt-hours which 
is well below the output of the wind electric plant tested the 
year before. Records were also obtained for the period of 
June 15, 1926, to April 15, 1928, on the current used for light­
ing and small appliances in 11 Iowa farm homes supplied 
with current from high lines. On these farms the kilowatt- 
hours used for the above purposes per year per farm varied from 
280 to 667 and the kilowatt-hours used per farm per month 
varied from as low as 4 or 5 on some farms during the sum­
mer to as high as 90 during some winter months.11
Table I indicates approximately how long a kilowatt-hour 
of electricity will operate various household appliances.
TABLE I . W HAT ONE KILOWATT-HOUR W ILL DO
Appliance Rating
watts
Approximate 
hours of 
operation
60 20
100 10
250 4
500 2
1,000 1
200 5
260 3.8
350 2.9
550 1.8
25 40
50 20
500 2
350 2.9 (Of
50
actual motor 
operation) 
20
500 2
250 4
150 6.6___
Figure 5 shows by months the relationship between the wind 
movement at Ames during the year of the trial, the wind 
movement at Des Moines during the same year, the average 
wind movement at Des Moines for the preceeding 10-year 
period, and the lowest wind movement at Des Moines for the 
given month during the same 10-year period. The differ­
ence in the wind movement as recorded at Ames and Des 
Moines during the year of the trial is explained largely by 
difference in elevation and exposure of the anemometers.
•Figure 5 indicates that the year of the trial was a rather 
representative one in that the wind movement was very hear 
the average for the preceding 10-year period. In only two
“ Paine P D. and Zink, F. J. Operating costs of individual farm 
electric plants. Iowa Eng. Exp. Sta. Electric Service for Iowa Farms,
R i^righam^H. C., Zink, P. J. and Paine, D. P. Utilization of electric 
equipment and appliances in the farm home. Iowa Eng. Exp. Sta. Elec­
tric Service for the Iowa farm. Report 6, p. 7, 1928.
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months, May and July, was the wind movement higher than 
the 10-year average. The curve showing the lowest wind 
movement for the given month for the 10-year period in­
dicates the possibility of very low energy production during 
June, July and August, particularly August.
PERFORMANCE OF WIND ELECTRIC PLANTS ON IOWA FARMS
Location
During 1929, 1930 and 1931 rather complete information 
was obtained on the performance of 66 wind electric plants 
which were being used on Iowa farms. Table II and fig. G 
show the location of these installations by counties.
TABLE n. LOCATION OF WIND ELECTRIC PLANTS
County No. County No. County No.
2 1 Monroe ___  _______ 1
1 18 Page _____  ________ 4
2 1 Plymouth _ ____ 1
2 Jones — ____ 1 Pottawattamie - - - 4
1 1 R inggold____________ 3
1 5 Shelby ___  - ____ 3
7 M ills______________ 2 Van Buren ___ — 1
Howard _____________ i Monona _____________ 2 Washington — --------- 1
Description of Plants Studied 
Table III describes the plants studied from the standpoint 
of propeller length, voltage, power rating, tower height and
9
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battery size. All but two of these plants were 32-volt. The 
age of the plants, varied from 3 months to 8 years, with an
TABLE n i .  DESCRIPTION OP WIND ELECTRIC PLANTS STUDIED
Length of propeller—ft. 
Number reported ______
6
1
8
1
9
1
10 - 
36
11.5
12
12
6
14*
3
Not
stated
6
Voltage ............................. 6 32 110
Number reported ______ 1 64 1
Not**
Rating in watts ______ 250 1,000 1,250 2,000 2,500 stated
Number reported ______ 1 28 1 1 1 34
40 to 50 to 60 to 70 to 80 to Not
Height of towerf—ft___ 49 •59 69 79 89 stated
Number reported______ 4 22 22 7 10 1
Capacity of batteries! 150 to 200 to' 250 to M0 to 350 to Over Not
—ampere hours______ 190 249 299 349 399 400 stated
Number reported______ 13 14 11 20 1 2 5
*Wheels rather than propellers.
**Most of these were probably rated at 1,000 watts.
+The average tower height was approximately 60 feet.
tThe average battery capacity was approximately 250 ampere hours.
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average of approximately 3 years. As noted in table III, 
all but three used propellers. Because of its decreased storm 
hazard and its higher speed, some form of the propeller is 
used almost exclusively on wind electric plants. The higher 
speed requires less gear reduction from the generator. In 
fact, most manufacturers are now mounting the propeller 
directly on the generator shaft.
Utilization of Energy
Table IV gives some idea of the use which was being made 
of these plants from the standpoint of the number of indi­
viduals in the home, the number of connected lights, the num-
TABLE IV. UTILIZATION OP WIND ELECTRIC PLANTS STUDIED
Size of family*____________
Number reDorted
2
10
S
10
4
13
5
18
6
7
7
4
8
1
9
1
10
2
Number of connected
lights** ________ 0-9 10-19 20-29 30-39 40-49 50-59 60-69
Number renorted 1 8 25 19 8 3 2
Number of usesf______  . i 2 3 4 5 6 7 8 9 lo t
Number reported _______ 1 ■5 9 15 14 12 4 3 2
s
1
Washing Water Vacuum Ra-Appliance _______ Iron machine pump cleaner dio separator
Number reported___  . 52 52 36 35 25 16
*The average family size was 4.5.
average number of connected lights was approximately SO. 
tThe average number of uses was 4.85.
fThis plant and one of the plants which showed nine usesl was supplemented by an 
old engme-dnven plant during periods of low wind.
ber of uses and the more common appliances, used. In addi­
tion to those listed in the table the following electrically 
operated appliances were reported; seven small grinding 
wheels, six sewing machines, six churns, six toasters, six fans, 
five fanning mills, four milking machines, four small portable 
motors, four curling irons, two refrigerators and one barber’s 
clippers. The most frequent combination of five uses was 
lights, laundry iron, washing machine, water pump and vac­
uum cleaner; and many of the four-use combinations were the 
result of omitting either the pump or the vacuum cleaner.
Six of the cooperators had formerly used engine-driven 
lighting plants. Four of these were using the old plant as a 
supplementary source of power during periods of -low wind.
11
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Days W ithout Power
Table V summarizes the situation with respect to the num­
ber of days without power, caused by low wind, for 60 of the 
plants. It should be noted that 47 of the cooperators reported 
that they had not been without power at any time. Also, 
that the total number of years of plant operation covered by 
these 60 reports is approximately 185 and that a total of 
only 24 times (62 days) without power were reported.
Forty of the sixty-six cooperators stated that they took 
some precautions to conserve energy during low wind periods. 
In most cases these were the individuals who had their plants 
more heavily loaded.
Of the six plants not included in table V, five gave indefinite 
answers as “ just a few,”  “ several,”  “ not many.”  Of these 
five, three had their plants definitely overloaded and were 
using old engine-driven plants as supplementary sources of 
power, one had a low tower (40 feet) and a small battery 
(160-ampere-hour) and the fifth had the smallest battery re­
ported (150-ampere-hour).
TABLE V . DATS WITHOUT POWER* (DATA PROM 60 PLANTS**)
Age of plant—years
Total
number
reporting
No. report­
ing definite 
number of 
days with­
out power
Total 
number 
of times 
without 
power
Total 
number 
of days 
without 
power
Less than 1 year_________________________ 3 0 0 0
1- 1 .9 ________________  __________ •............. ........ 15 1 2 3
2-2.9. ________ __________________  _____ ______ ___ 14 6 7 27
3- 3. 9. ........................... ....................... .................. ....................... 14 3 8 14
4- 4.9. ...................... ........................................... 4 2 6 11
5- 5.9__________ ___ __  _______________________________ 5 0 0 0
6-6.9  __________i---------  —  ----------- ---------------------- 4 0 0 0
8__________  _________ _____  _____________ i . 1 1 7
Total .  — —i---------------------- 60 13 24 62
*As result of low wind.
**Six of the cooperators either did not make definite statements or had their plants 
definitely overloaded. These six plants are discussed in the text.
The sixth plant not included in table Y was apparently the 
only plant not giving satisfactory performance. This plant 
had been in operation 1% years, had a 76-foot tower and a 
305-ampere-hour battery, and reported a period of 2 months 
without sufficient power to handle satisfactorily even a few
12
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lights. An inspection of this installation, however, indicated 
that because of a very high grove the exposure was unsatis­
factory in spite of the 76-foot tower. It is probable that a 
90 or 100-foot tower should have been installed.
Season of Least Power
TABLE VI. PERIODS OP LOW  
POWER AS REPORTED BY 
COOPERATORS
Month No. reporting
January 2
February 3
July 18
August 41
September 11
December 5
Table VI gives the months 
of low wind movements as re­
ported by the cooperators. 
In general this corresponds 
rather closely with the varia­
tion in wind movement as re­
ported by the United States 
Weather Bureau.
Repair Costs
Table VII summarizes the repair costs reported. This table 
does not include replacement of batteries as the result of 
normal use. It does, however, include three cases of damage 
to installations resulting from lightning. Except for this 
lightning damage the repair cost was rather low in all cases. 
Because of the possibility of costly damage resulting from 
storm it would seem logical that this situation should be taken 
care of by some type of insurance as soon as enough of these 
plants are in operation to make it worth while for an insur­
ance company to figure the rates. The proper anchoring of 
the tower, grounding and adjustment of the generator, and 
periodic servicing will greatly reduce the probability of storm 
damage. The average yearly repair cost of &1.99 is 0.28 per­
cent of the average first cost of $720.
TABLE VII. REPAIR COSTS
Age of machine—years
Number
reported
Total years 
of
operation
Total repair 
cost
Reported
—dollars
Repair cost 
for machine 
per year 
—dollars
Less than 1_ .  ,.—  -----  ----- 4 2.0 0.00 0.00
1 to 1.9_____________ ___________ — 17 25.5 0.00 0.00
2 to 2.9._ ____________ 14 35.0 31.00 0.89
3 to 3.9____ _ _______________________ 17 59.5 115.55 1.94
4 to 4 .9 ____  . ----------------- 4 18.0 0.00 0.00
5 to 5.9------- ------- ---------------------------- 5 27.5 70.00 2.55
6 to 6.9----------- ----------------------------- 4 26.0 154.80 5.95
8 ___________________________________ 1 8.0 30.00 3.75
Total________________________ 66 201.5 401.35 1.99
13
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Yearly Cost of Operation
While there is no fuel cost it must not be assumed that 
energy can be obtained free from the wind. Depreciation, in­
terest, repair and certain minor expenses must all be con­
sidered.
For practical purposes the approximate yearly depreciation 
charge may be obtained by dividing the first cost by the life 
in years. The average first cost of the 66 plants studied was 
$720, a survey of the present prices indicates an average price 
for a 1-kilowatt plant with a 60-foot tower and a 240-ampere- 
hour battery would be between $550 and $725, about $150 to 
$225 of which would be battery cost. These plants have not 
been in operation long enough to give any accurate data as to 
the probable life. Experience with other equipment, however, 
would suggest a range of 5 to 10 years for battery life and 10 
to 20 years for the rest of the installation. This would give 
$15 to $45 for annual depreciation on the battery and $20 to 
$50 for depreciation on the rest of the plant.
The interest charge can be approximated by taking the 
interest rate on half the first cost. Assuming a range of inter­
est rate from 4 to 7 percent, the interest charge would be $11 
to $25.38.
Assuming that the repair charge might be as low as one- 
half or as much as twice the $2 per year given in table VIII 
and allowing 50 cents to $1 per year for oil and distilled water, 
the annual costs would be as shown in table VIII.
TABLE VIII. ANNUAL COST OF USE*
Depreciation on battery . ...........................  $15.00 to $45.00
Depreciation on plant ...................................................................  20.00 to 50.00
Interest charge .................................................................................. 11.00 to 25.38
Repair charge ...................................      1.00 to 4.00
Oil, distilled water .........................................................................  0.50 to 1.00
Total ................................................... ..................................... $47.50 $125.38
From table VIII it is evident that any development which 
would decrease the first cost of the plant, decrease the cost per 
unit of storage capacity of batteries or increase the useful life 
of batteries would materially improve the economic position 
of the wind electric plant.
Cast Per Kilowatt-Hour12
Using the figures of table VIII and assuming the use of 500 
kilowatt-hours of energy per year the cost per kilowatt-hour 
would be 9.5 to 25.1 cents. If under favorable conditions 1,000 
kilowatt-hours were used the cost would be reduced to 4.8 to 
12.5 cents.
* This does not include any tax and insurance charges.
12Where these costs are compared with high line charges, care should 
be taken to see that the high line charges include overhead costs on 
that part of the high line construction cost paid by the user.
14
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The reader should keep in mind that the above estimates in­
dicate the probable range of costs and that each installation 
will have a cost determined by its particular conditions.
Advantages and Disadvantages
A study of the opinions expressed by users and a careful 
consideration of the economic factors involved indicate the 
following advantages for this type of lighting plant when 
compared with an engine-driven plant: (a) no fuel costs, (b) 
almost no routine attention, and (c) the absence of the noise, 
vibration, grease and odors which often accompany the in­
stallation of an engine-driven plant in the basement. The 
most important disadvantages are (a) higher first cost, (b) 
limitation of generator output by the wind available, (c) 
larger battery needed and (d) the necessity of occasionally 
climbing the tower.
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AGRICULTURAL ENGINEERING BULLETINS
The following bulletins and circulars on buildings, 
machinery and equipment, may be secured by writing 
to the Bulletin Office, Agricultural Annex, Ames, Iowa.
B189 Silo Construction (1919)
B219 Concrete Fence Posts (1924)
B240 -Testing Draft Horses (1926)
B249 The L-Block— A  Type of Concrete Block Adapted to 
the Economical Construction of Farm Buildings (1928) 
B264 Horses, Tractors and Farm Equipment (1929) .
B267 Creamery Organization and Construction (1930)
B274 Harvesting Cornstalks for Industrial Uses (1930)
B292 The Use of Water Bowls in the Dairy Barn (1932)
B296 Rural Fire W aste in Iowa 1930-31 (1932)
C 36 Spontaneous Combustion as a Cause of Fires (1917)
C 69 Handy Equipment for Swine Raising (1921)
C 74 Cattle Feeding Barns and Shelters (1922)
C 75 Beef Cattle Equipment (1922)
C127 Prevention of Wind and Fire Losses to Farm Build­
ings (1931)
R150 Length and Floor Construction of Dairy Stalls (1932)
The following publications of an agricultural engi­
neering nature may be secured from the Extension 
Service, Morrill Hall, Ames, Iowa.
E 24 Rope and Its Uses (revised, 1932)
E  33 List of Farm Building Plans (revised, 1931)
E 66 Tractor Lubrication (reprint, 1920)
E144 Iowa One-room Brooder House (1928)
E145 Warm and Cool Room Brooder House (1928)
E146 Iowa Straw Loft Poultry House (revised, 1930)
E147 Laying House Equipment (revised, 1933)
E149 Simple Water Systems (1929)
E172 Terracing to Reduce Erosion (1931)
E187 The Safety Bull Pen and Shed (1933)
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